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(54) [«iH<D«a5] aft(»jRi I i-ym:^mmomsosm^iitf^n^m\>^itmiiR<o3m^m 



C57) [g*^] 

-fe;^©lSMft«ria-5ci*ir-tssifc^is I i i -vt^ 

(cm 1 ©)i5cS)l 2 1 ^fiXSSii:^. ^<0©^, ^KSECC 
5?fL't:fiii[/j::^ri&Ic3DaSjie:>i5 1 O iLnn/hfe(Ti!^j:-2> 

3!»J. *n<fc 0 «ce5£SiiK-ci^ 2 ©fiKs® 2 2 

S3-a'€.Ci(CJ:i3. ISl(5DfiSSJS2 1 ©ano^^^*" 
mtb^tl. SI 2 (DR£Sg 2 2 ©«ffi«^±fl«C f ^. C i 
•C#^, mi©^S»2 1 (D«ffi©S*'=&fflJi)-2. 

J:'>i>cm:fj\^i<C!S&tfimc i>tt^, ^ i <d^s»2 i *> 

2 2(D^BD*Teta$n^sgfi[D©ffis*s:*:* < im-r 



(A) (B) 




1 

[iS^n I I l]^7C^ibT*'U"i'A (G 
a) , r)l'S.-'yj^ (A I ) , t-'^M (B) i6j:Z}^-(> 

^. vm7i.mtiyxci>tj:< thmm (n) ^-^tsmm 

ISI 1 I -V]tJ5ffc^:^Ji©S!i^:^rffi-CA-oT. 

sfki^js I 1 1 -vmit^'&'k-^mr^m i ©rScSh 

RXS S -a- S m 2 ©fiXSXe <!: g tf C i )&!t$® <!: T -S. ^ 
J: ^ Oc^g 3 i± S c i i f ^ISsRJB 1 f a«!t<OSf b 

I 1 1 -vmit^'mmcommysm. 

11%. tf^T-fT (A U Os ) , j^ffc-^-T^ (S i 

c) */c»xf4^ji/ (MsAi o* ) ©(r>-rndns€ 

IS 1 leteoMftJ^^ 1 I I -v®ifb^#ijg®ii3t5^. 
( m*:^ 6 ] mm i ©rssxs^ tc\mt^2o:)i& 

fiXliOii»Jc< i^j-:}?OCiX@K:tet,»r> 2{b;itf!;"i?A 
(GaN) *4SS3-l*SCi*4^ii<!:-rSit*IRlgatl5 

{in^mi ] «ria^ i oESsiii*fc«iffa^2<Ds)t 
Sxli«D^)5c< 645— :^©x?iK:fci,^"C. ^i^i^^^An 

?5 1 I I - vMb-^^snoD^ii:^?*. 

[gS^8] I 1 imhmtLXij^}'^^. (Ga) , 
r>V%::.^A (A I ) . ^^'^»SS (B> teJ:C;^>i;C»A 

( 1 n) *^6J^c-5Sf<De>^®ii>J&:< i^) la?:^^. V 

g^7ESiLrii>^t< ifes^ (N) ^^tsmmmi I 
s{k«^i^ I 1 1 - wmit^^'^mr^f^ i o^mmm 

l^l<DfiESjISrs5<;S§ti:5lllc7>^SXSi. 
^{hJKJJfil I r -VS«ft^«:#«-rS^2©fiKS« 



(2) #§32 00 1 -16 8 0 4 5 

2 

-CSanj^r&KDRSSiiSAS 1 0 M m/h J: < 

^torgii:^c:^(^co^Sii)K*i i o u m/h JWT<t aj:^ 

M(c. BJffifiS:&ffl»<**K?*-r5Xg5:StfC 
it3?J|l Og5«0[>®tS©SitS^ffi. 

{n^m 1 2 ] MiSRSsfflSf*^, imm&^n') c 
i jc J: 9 ^*-r ^ c <t r^m^ i o iais©« 

mi -r 2. if 3KJB 8 izm(om^(ommyjm. 
[ 1*^^ 15] mrie^ 1 ra^fixfi * wMiaiP 2 <d 

^ftX?M®^i>nc < i 77®Xg{C*ji.>.r, mit^'J o 
A (GaN) *fiSS$'ti-l,Ci%i^i-r5g«*5l8ga 

30 c 16] wiB^ 1 (D^mim t {J sfrian 2 co 

SK:&X!g<Dif>?S < t fe-:(3<DXIi^fca^T , 

[IS3}?ril 7] 85sa^*i6i83i Lr. (C) , er-C 
^ (S i ) , yjW:^^A (Ge) . (Sn) , U 
ms) , iSe) , 9'Ji')V (Te) . ^0'}'^ 

A (Be) . v^^^i^>5-i^ (Mg) . ;?7;l'i^'i7A (C 
a) . ffiiS (Zn) *jJ;?>-*K5't'A (Cd) 

40 BtmommsF.] i i -vgifb-^i^jicDSiji 

[0 00 I ] 

Bovmi:bx<Dm^ (N) i:^^tsmim^] i i -v 

]^ib^43!l®0D$l{iift:i^&*jJ:O-^n*fflU/c»«?CD|«a7^ 
[0 00 2] 

50 k:*j(,»tw. ta^S • l54©iSe5jK{bt?cWS8?^iSlbo 



* * • » * * 

(3) 

3 

rt*. GaN, A 1 GaNSH^fe^>i.H*Ga 1 n Niga^ 

tlXl^i, (Jpn. J. Appl. Phys. , 30 
(1991). L1998). 

[0 0 0 3 ] -mc. r i i -vm^t-^m^m 
Wim^^tcm^m^a. ^^^mitmrnmsi (Met lo 

al Oreanic Chemical Vapor 
Deposition; MO CVD) &^^^x. f 
i' + i^— (Molecular Beam Epita 
xy ; MBE) iS/S^^fflC>r. mii^(D±(,cmim?^ 1 

T (A u o, ) mm^i>^^itmitir^m (s i o s 

[0 0 0 4] tcitfi. -^yr-irisji^z^^it^-^mt 

mmshi I 1 -vmit-^<^m'mmt-ciz, m-'^^^ 20 

Or*^»U— If (LD : La 5 e r Diode)* 

[00 0 5] cneoiT^fp^jt. ajbt)3F. I II -v^ 
a^<fc *3 i&sa«*ffli,i .s. c <b (c J; t) fisj^s <b# 
A6n&. -r&t>^. mtmmi i i -vjgsifc-^^^^ 

:?^iiii-^S!in<?5ii^*i}q)*ij3nSo sfc. ^^mw 

[0006] ic6r. a^tifejR I I I - ymit^mt 
«*Mj»r^.«^tc«. s^';^^ (s 1 ) ^K-t^y/';-? 

At^ (GaAs) SiR«f¥l8-rSI^«:-|8ftfItCffll,i6 40 

1 1 I -vmt^mm^<Dim:^m6i^xit. v-yr^ 

OCVDji, MBE^*^)■Sl>^*>'^^' F7-f K (*^^t 
(Vapor Phase Epitaxy:VPE) 

ii'S:mi^'cmm<Dm$icmf?>i-c^itmjhi i i-v 



2 0 0 1 - I 6 8 0 4 5 
H7-( FVPEffi^ffll^TiSiieSn/cMftfSlJ^ I 1 

[0 00 7 ] i /c. ^sffl«»©±ic. rni^j-i 'jvym 

[0008] 

«*±JCii:«^<b!^?^ 1 1 I -ViS^{k^?:JiRS5-ti-5 
©±4c^Srd:^jb!iaj^ J 1 1 -V;^fb-^*^<*€:fias 

[ 0 0 0 9 ] $ fc, ^SfflS{*±«:itgS5Ji^:/t-b-CS^b 
mfhl I I -VMb^*R!tBSii-S:&ffir». 

[0010] *^H^«3&^d>?,P8gI,"^icSE;!crJi3n/c*> 

m&'fom^m^-ir 5 c i ic ^ . 

[0 0 1 M 

[sss?r^i?i-r^?cj?)©^i3] ^^B^cci^a^b^* I 
I I - viSjb^!^Ji©^®:)?&i*. I L ii^Tc^iU-c 
;«7';'i?A (Ga) . t;1/5-'^a (A 1 ) . *'i;5R 
<B) isjut^-il^V'^A (In) A>6i^j:-S^©^fe©ii> 

(N) ^^t£^\mw^ \ I I -v®i^b^)i©ias:^»?i 

(oj&sm^. iii©^fiiiS-ciSS3-tfS0i®i?i4Si 

figfi 3 # in 2 ©fiRfiXe i ^r^t? J: ^ (C U fc ©TA 

[0012] :*:|feBjjcJ;*«^©^iS:^««. I I I )K 

i?>?A*i6^c5aP©'5%©ii»Jc< «!:*>lli«^;&. ViS 
7nSgibr^Aj< ife^^*$tJ^<bf!lJS I I I - VlK 
^b^«)J:^5^c4*^R©S^»7^ft■r*-^r. ^{bigjjRi 1 

I - ymit^^^mr^m 1 ©fissa* . m 1 ©^« 

jlSrfiKS^ifSSfiCfiSglfii. m^^JSl I 1 - 

ym\t^m^-^mth^2a:>i&3.m^. ^i©«jsjfK 
J; 0 ^/^3 2 ©^ftiig[-e^R S Hi- s» 2 ©^fti 



5 

[ 0 0 1 3 J ^^m^cj:^mim?h i i i -vmit^^ 

H 1 cD^SjiSm 1 ©JiKS® U fc® ^ . » 1 © 
[0014] 

[0015] ^^aH<D—mm(DBmicmi>mt<&Jk i i lo 
1 -\/mit^m(Dmm:^mt, \ i lm7mt(y'ci3 
V'^A iG&) . TJUS-'i'A (A I) . t^^m (B) 
*jj;OV>i^'i7A (In) *>6)!if -SSf©-^ ^©ij»i< i 
fcl«^rdi?f. V]K7cmiUrii>^c< ifcgfg (N) 

GaN, InN. AIN. AlGaNilS. G 
a I nNiSS^SOWA 1 Ga I tiNM^ifi^^, t 

im?f.\ I I -vmt^m(Dmmyjmfo-mmxm^ 

mti><D-C^?>. mi <B) fca:0*E12 (B) (i. 
-etxSl (A) ^<j:^m2 (A) ©— §|5?r^urti-&. 

[0017] $:|D5S©JfJ«J-C«> if. HI 1 (CtkL-j^cJ: 
^tC. m«tJ-7 7 -Yr (A 1 2 Oa ) . mt^r-^JS 

(S i C) i>SC»«Xf^.Jl/ (Mg A 1 2 0« ) JrO^C 
SSScSfflSCfcl O^fflSL. CCDSitSfflSft 1 0 

[0018] cXl^T, C^:S.CfBSSffia^ 1 O^m^.VX 30 
RSSfflSI*! 0(D-9---5';l/>7i;-:^>>/:&tT-^fc©^. 
C©J?KSfflSf*l 0± (l>-:7T-^rJ;*)?f^«^i*> m 

200 wm) tca-r^SiffiSS^-li. »1<D 

mtj:y3\P}<0^&imi>K m^\t I O ym/h J: O t>;^* 

Ul^. ^£fo\ mi®fi5cS®2 l(D,tSStt5r^fAd:fc©<h 
0 M m/ h y T i >a: * J: ^ 3 # 4 c i *Jj(f * U 

[0019] c<Dm 1 <Dfiss©2 1 (ommt. 

Wtctt. m««T«)J:^«:UrGaN?:legS31fSC 

-^^y^^) KJ; «5fiXSffl»(* 10*1 00 0 -Cgfi 
trftB^o. m^m^tb-cT>'f:~r*f:^ (n so 



#Ba 2001-168045 
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Ha ) *1 h^l'/'i^©jjiimTW*ST2><i;ifc(c. 

(#)i:«7''j 'i'A) ±«:tfi<t7Xjs*';^ <Hc 1 ) ^ 

0 . 0 3 y h ^t'/:S- ( 3 0 c c m) ©Sisa-CSgf C i 

tcji^itf ^E>nais{b;y';>^>A;^?x (Gac 1 ) ^(mt 
^. ^cfc\ 'JTy7';^tcne^*';?. (No ) ^fflt.^ 

*?X©«l&a€:PlgiS^SCi{c<fc«3. ^^b«B8?&I 1 1 - 

S 2 0 0 iu inllSf<^?m 1 <om&m2 1 *s^»gE3t;-5„ 

CO 0 2 0 ] 03«. ±^Lfc^f^iC^*}GeiN^!&m 

^•ssf*^«: <fc «3 SIS 1/ /c4S^*^^•r^ar•* a 3 

6*>^As-5J:'5ic. Sri©RSSJS2 105Sffi«. m« 
(D^S)12 nc{j, 01 (B) K:*ji,irWiii-e5^L./cJ: 

"-10' " my cm' m&) (c^?^sut(.»*, 

[0 02 1 ] ^f*}. CCr{3:. G a N 5: Af$:WC 

ijiB^L/c*'!. m<Dm^tm^i i i -vj^^b^^gj^rsK^ss 

[0 02 2]S^1G3^S®2 1 «rJ^fi£b/cCDfe. 02 «: 

^vtc^^ic. mi<DfSLmm2 i©±{c, mamico 
5Jt:gH2 1 ^iMfS.-r?>mim?F, i 1 1 -vj^^b^iiai 
-<omim?f.\ 1 1 -v]^{b^*, mi(Dm&m2 1 

i*r. ^2<D^S/12 2?:JB^-r2) (m2©«ogX 

e) , c©iS2©fiR«e2 2*?i5fiK-r^i^©fiXSjis 
a. RSS®K:^t/t:aii:^c:m6)©fiScfiiig*i> M^isi 

0 M m/ h JiiT i J'iS J: ^tceS:S -^Jffe- m^ffj: 

m^\^i^t?>^itm3hi I I -VlS^b^!05?:fi!cS^ti- 

[0 0 2 3 ] m2(7?^SJ12 2K. m«, 
FVPEffi. MOCVDffiS/ct3:MBEffi©l»Tn*>(D 

C0024]^^^'K^•Y FVPE?S?rffil,>S«^K«. 
mtf. ±SgLfcmi.©)j£Sa2 l*0^f -S^^ilaJ 

0 3 F;l'/^ (Seem) i L-rGa N*R!cS$1f 

[0 02 5] MOCVDi*tCj:0GaN«^^S3 

(Ha ) tS*:</X (Na ) t<DM^:^y^^^^ 



(5) 

7 

^)\^0>J'tfA (TMG : (CHa ) 3 Ga) 
xg^jl-:*?-'; -^/A (TEG: (Cs Hs ) a Ga) ^fflt^ 

jl.TJlX^^OA ( (CH= ) 3 A I ) ^mi.\ Jh-:?^© 

mni:i^xm?iit[- 'J x^)\,^om ( (c ) lo 

y^^^JW-r^i^^-jA ( (CH, ) , Ga) 
[0 02 6] MBES{CJ:i9GaN€R£g31**ti^tc 

[0027] cn6©i,»f n©^rft*fflc>rfiSS#-tfr 

■Ji. l3lOfiSSM2 1 <DftSCDa^=S:lHJ5:>2>J:5{c1t:^r 
l^tcjiit;6dsSBC€>, S2 (B) icff^Ufcjz 

n -SKfi D <D^m^Wx.[t 1 0 « {g/ c m* CDal-- i*"- 30 
(0 0 2 8] COJc^lCb-C. mi©fiSSB2 1 05«ffi 

* D . ^ 2 (Dmsm 2 2 ©^ha^thjc -5 

fSS©B*Faafbii&^ 1 I I -Vig|fk-^ife;SrBJ(;gSlf-5C 
itcJ:»3. ia4{C7nL.fcJ;^J'j:. S®*^¥ffi'k02(Di?S 
SJi2 2dJJ^4S3n, »l©fiSSJ12 l*J<fcC/5l2<Dfig 

&m2 2f}^i^fj:^mimmi i i-V)^jt^^g2o 

K V P ES*fflt,>T±iBLfc^^K: J; «3 G a N*rKB3 

[0029] t£*s. m 1 ©fiKSJS 2 1 S)t«»2 ©ess 

nM*/c«pM©a{b!|^.5^I I I -Vmit-^ 

I vm7iM-ci>i>^ (C) . ir^^ (Si), y 

(Ge) 4aJ:iyfXX (Sn) V I ;^7C^ 
t?^)^5{E^ (S) . -feixv (S e ) *j<i;ciff-;i';u (T 
e) i:,ti^^Ui>m<D^%<D'pfs.< L^\m.<Dyi^^-^m 



#g8 2001-168045 
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I J^7C^r$)5-'<y ';>5A (B e ) . -7i^;^->v;A {M 
g) . *>)Ui/>i»A (Ga) , EIS (Zn) K 5 

■fA (Cd> <t, I VS^^T'*^^*, ir-i-^, ^rju 

[0 03 0] ^nc;!*6c, "^-wi^iimu^fiitM 1 ©fiss 

^2 1 $?c«l?2©fiS«J12 2^MOCVDjiiCj:i3fi!? 

6. r^ftj^^ ;^s©mi^4^bT«^f|J^«x^^> (C2 

H. ) y-fSO/lMi L.rj3:m«'>7> (S 

i H, ) Sfcl*ifi{t^r-f?R (S i C 1 , ) i£m^ y^l- 
•7:^'i;A©im<!:LTW{aj;l«y;t/-7> (GeH-, ) ^ 
fflc^S. r-;u;u©M*4<t L/r«'B?|J;^(^i>^^;^f• 
^^;^ ( (CH3 ) a Te) *fflt,>^. MtC, ^i/^^v"^ 
A©m<k L/TWmiitr;^ = □•^> i;'xcr:.;l--7 
i'4^->'i'A (Cfi Hs ) 2 Me) tJJl/S^-tJA© 

©Mir4<bUTiim«s'^5^ji'Sis ( (CH3 ) 2 z 

n) ^Mtv ;f7 •i)A©M^iL.T«'l?lI^l*e;>y?'^U 
^OFS-^A ( (GHs ) 2 Cd) 
[0 03 1 ]^X^> laSfccfcO'^e^MSUr. ±i£U 

icmm^.\ I I -v]gHt^t)ja©s*^:^ffi**jfflb/c 

I -vi^<t^@©iSj^:^ri<hi5HII©x?i«c*>iirtt. 
*©P$ffl^ciftBj*^BS-rs, 

[0 03 2] i-r, 115 (A) IC^nL/cJc'JfC, JjSJSffi 
Sf* 1 0 ^rfflSl/. C ORSSffiSl* 1 0 
SiJtcJ;*J!5fe:^-r^>, :xc>r« 1 0©1J- 

-v;t/^7>J-^>^/•*^fo:ft:©fe« fiSam»*ioJ: 

CC. mfi^-W K^-f KV PES€:ffll^TGa N^C£© 
a^ti^lfel I I -V^4t^«5«:fl»TM©J55 (mW. 2 
OOym) KirrsS-OjgSSii-C. »l©fiRSJB3 1 

(^l©^SXfM) . c©<t^, fiSgmccSI 
L-rSie)Jc:;?|nI©fiS6jSa*i. m^ki l O wm/h J: 0 

*i. ^ 1 ©fiSS©3 1 ictt. 1 ©fiSge 2 1 ilal^ 

[0 03 3] mi©^SIfi©©^. 05 (B) (C^L. 
ici:')Vc. ^l©fifeSJS3 l©±«:. K^-/ 
KVPES. MOC VDaS?cttMB Effi©lit*n*>© 

I r -\imt^i:.m-<D'm.\vm i i i -vst 

<b^igj*« ||l©fiSSe3 1 *?fJBSCfc|S©»«SjigJ: 

StbTMAj::)?r6]©SS;SjiS*^, m«l Owm/hfe^ 

02©RSSg3 23&imfi!i3*i. lll©^Sg3lfeJ:af 
ll2©fi5tgJ13 2*^6)tc?.Sfb'B?3SI I I -vm^!^ 
*«3 0J&if^*i3tlS, ^C*J. ccr4>> ^l©^Sg 
3 1 ©SB©gl*?ra8e>SJ:^ K:ttl:^|^©^S*J4Bc 



9 

[0 0 34 ] SI2©fSfi)13 2?rff5^0/c<D^. 05 
(C) tcir^Lfcct^tc. ^2©fi3c.«@3 2(D^ffi%ffl'5 
Jr^CC. e?!|;ii3:, CVD (Chemical Vapo 
r Deposition; itmmmS^) yi^ffll^^r 
-SJ-ft^r^^ (S i O. ) J:«)^j:^«SM4 0*JKJiR-r 

ifscctet^r. mm^. \ I I - vi^{t^i?}«te3 0 

<^20fiRS)13 2 ) S/c«?)©<>©T*S, 

[0 0 3 5 ] ffiti^4 0=&Jf5fiXb/c©fe> 06 (A) K 
^nU/ci^K:, m«. ';>®? (H, PO« ) tSS^ 

(Ha SO4 ) i^l : 1 (tS;m) ©fU^-C^ty 
^>i^?ffi*fflUT. 2 8 5'C©iaST"i;x5' hx.?9^> 
i^^'ff^CiiCj:fp. ^SfflSft 1 0 ^i^*-r.S. COD 
i*. m2(O«£Sia32ti»||li40{cj:0^*3Jhrt,^ 

[0 0 3 6] tcfc. fiK:lfflSf* 1 0©^*«. F^-fx 
\^xm7L\1lii&fkij:^ (C U ) *fflt»rt7^. -7 
[0 0 3 7] Mlc. ^Yb«5lS 1 I I - VMk^Sffi3 

sffl«i*i 0 4iiji8i-rsc<tt>-c*«.. c<D-nm\s.. jsl 

1 0 t^tmjk I 1 1 - V«efb^fB»»«3 0 i 

c:>mmm^W:)mct^m l r ^ o •&js:;;'35-5pjffif -s 4> © 

o^^jfK-r-s. «cte. c©i*. w^AJia (jk 

[0 0 3 8] l^cSfflS{*l Oigrl^*tfc<D^. 06 
(B) tC7j^t7cct^{C> WjlW^ :^®E (HF) %$ifx 

> ^. \. ^ IS^g^Blb^x -> 9^ > ?rffi I, >-C^B* 
I 1 I -VgHt^^^f^IS^rR&SSti-SCtdJri? 



(6) 2 0 0 1 - 1 6 8 0 4 5 
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«3 0©1#14=S:^l|-r^C<!:;&^T-^-5, 

[0 03 9] ^c*j> c(Dj:'>K.oxm&sn^mmm 
I I J -vm^iijs«3 ow. m^it. ■e©±tcm 

10 ©0sg©sjb!t^?m ] 1 1 -vgi^b-^a^Rs o«. 
<h cc-en-enses^ ^. c 1 7>it?* s i ^1 ^ij.-^^wr 

®ffli§©?i;i^i»i^f*iK^^'£^@ * 0 < nm-r -s 

20 [ 0 0 4 0 ] c © J: ^ cc*^ij©fl3^.(c{S-2.^'(b4J)IS i 
I I -vi55jb^!{Si®©$Sji:^ffi*Jiiy=S^b!fia^i i i - 

1, 3 1 *JjgSS-l±/c©^, mi ©fiSg^2 1 . 3 1^ 
^SS?ti-fcBg©^SjiS<}: 0 *>/h3t»fi£6jI)gril2 © 
)SSB2 2. 3 2^fi£S^-ti^i:-5tcb/c©-c. a«© 

mm?^i 1 1 -vm^!^«2 0ijj:cf^{t!gj*i 1 

I -VJ56fb^S^3 0^:i^J:<l!!SrSCi*s-C 

(004 1 ] •rnrt)^. A#!:cjss3*jKTfigsu/c» i 
30 ©^sii2i. 3 1 ©^ffl«^n/c*)©i^f4Ai. -en 

cfc«3 t>/h3ife^SSK-CM2©Ji!tS®2 2. 3 2 
Sli-SCiK:J;0« lll©^!XftJ12 1. 3 1©S®©S 

ii2©Rssis2 2. 3z<Dmmi^i&ic 

TSCi^^-eirS. MCC. Sl©fiSSJ12 1, 3 1©^ 

1 ©f!ESIS2 1.31 *>e.?|gri»!!>itifc«scicD*im:Srifii 

ccisfli., m2©RS;ftii2 2, 3 2©atB$-eem3n 

^S£f4D©ffiatd^A*<1gi«-r^. fif-^T, <«^n/c^ 
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